Robotic manipulation by pushing at a single point with constant velocity : modeling and techniques by Behrens, MJ
UNIVERSITY OF TECHNOLOGY, SYDNEY
Robotic Manipulation by Pushing at a
Single Point with Constant Velocity:
Modeling and Techniques
by
Michael James Behrens
A thesis submitted in partial fulﬁllment for the
degree of Doctor of Philosophy
in the
Faculty of Engineering and IT
Intelligent Mechatronic Systems Group
October 2013
Declaration of Authorship
I, Michael James Behrens, declare that this thesis titled, Robotic Manipulation by Push-
ing at a Single Point with Constant Velocity: Modeling and Techniques, and the work
presented in it are my own. I conﬁrm that:
• This work was done wholly or mainly while in candidature for a research degree
at this University.
• Where any part of this thesis has previously been submitted for a degree or any
other qualiﬁcation at this University or any other institution, this has been clearly
stated.
• Where I have consulted the published work of others, this is always clearly at-
tributed.
• Where I have quoted from the work of others, the source is always given. With
the exception of such quotations, this thesis is entirely my own work.
• I have acknowledged all main sources of help.
• Where the thesis is based on work done by myself jointly with others, I have made
clear exactly what was done by others and what I have contributed myself.
Signed:
Date:
Abstract
In many mobile robotic manipulation tasks it is desirable to interact with the robot’s sur-
roundings without grasping the object being manipulated. Non-prehensile manipulation
allows a robot to interact in situations which would otherwise be impossible due to object
size or mass. This thesis investigates the most general pushing mode, that of a single
contact point, formed either as a ﬁxed point at a vertex or as a single rolling contact be-
tween two curved surfaces with a view to enable the manipulation of common household
objects such as bins or coﬀee tables by a simple mobile robot. The investigation is limited
to objects which possess a ﬂat base and are able to slide on a ﬂat, horizontal support
surface. The derivation of a mathematical model is presented for an object pushed un-
der these conditions, where the system accelerations inﬂuence the object motion through
the dynamic eﬀects of inertia and friction rendering the quasi-static assumption invalid.
Numerical simulations explore the system behavior under a variety of conﬁgurations re-
vealing the eﬀect of the dynamic forces on the object motion and the existence of stable
conﬁgurations, under certain conditions, where an object is pushed by a curved fence.
The stable pushing behavior is conﬁrmed experimentally. The mathematical model is
utilized to generate near time-optimal pushing trajectories to manipulate an object to a
desired goal location and control strategies to compensate for uncertainty in the physical
parameters.
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